DNA coding for the 18S and 25S rRNAs in flax (Linum usitatissimum) has been purified and is arranged in tandem arrays vith a repeat length of 8.6 kb. There is no detectable variation in the size of this repeat unit. Single repeat units have been cloned in the plasmid pAT 153. The coding sequences for the 25S, 18S and 5.8S rRNAs have been localised by hybridisation. The cloned rDNA has been used to compare two genotrophs, LI and SI, where the number of rRNA cistrons has been altered by growth under different environmental conditions. In terms of the size of the repeat unit and the position of a number of restriction enzyme sites the rDNAs from LI and SI were identical.
INTRODUCTION
When the variety of flax "Stormont Cirrus" is grown under particular environmental conditions, a number of changes are observed in its progeny. Among the characters that are changed are plant height and weight [l] , total DNA content [2] , isozymes of peroxidase, esterase and acid phosphatase [3] , and the number of rDNA cistrons [4, 5 ] . Two of the lines that have been derived as a result of growing an initial generation under different conditions have been termed LI and SI [1] .
LI has approximately 7096 more genes coding for rRNA than SI. Differences in the buoyant density of the rDNA from LI and SI have also been reported [4] . A detailed analysis of the structure and organisation of the rDNA of the "Stormont Cirrus" variety has been undertaken in order to investigate the processes that may be involved in ribosomal gene number variation.
MATERIALS AND METHODS

Preparation of DNAs.
The origin of the plants used in these experiments has been © IRL Press Limited, 1 Falconberg Court, London W 1 V 5FG, U.K. detailed elsewhere [l] . DNA was prepared from leaves and apical shoots as described [6] . Polysaccharides were removed by precipitation with cetyltrimethylammonium bromide [73•
The procedures used to enrich for rDNA sequences were essentially those described by Hemleben et al. [8] . rDNA was located in Actinomycin RNA was obtained from flax callus grown in Murashige and Skoog medium [9] with 5i*M 6-benzylaminopurine, O.OljiM naphthylacetic acid. Callus was ground in a mortar with a pestle and sand in 6% p-aminosalicylate, 1% triisopropylnaphthalene sulphonate, 1% NaCl, 6% butan-2-ol, 50mM Tris-HCl pH 8.4. The homogenate was deproteinised with a phenol mixture, containing 50g phenol, 7ml m-cresol, 50mg 8-hydroxyquinoline and saturated with 50mM Tris-HCl pH 8.4. After centrifugation the aqueous layer was removed, 0.1 vol. of 3M sodium acetate pH 6.5 added and the RNA precipitated at -20° with 2 vols. of 90% ethanol. The precipitate was collected and washed with 3M sodium acetate pH 6.5 to remove DNA and low molecular weight RNA.
RNA was fractionated on 2.4% polyacrylamide gels [10] , and 25S and 18S rRNAs eluted from gel slices.
[P]-RNA was prepared from callus incubated in the same medium but with l^g of BamHI digested pAT153 [11] was mixed with 2jig of BamHI digested enriched rDNA. The DNA fragments were ligated with 10 units of T4 DNA ligase at 10° overnight. This mixture was used to transform
CaCl treated HB101 cells. Transformants were selected on medium containing ICOug ml ampicillin. These were tested for the presence of rDNA inserts by colony filter hybridisation [12] with 32 [P]-rRNA.
Plasmid DNA was prepared from detergent-lysed cells on CsCl ethidium bromide gradients [13] . All recombinant DNA experiments were carried 32 r out under Category I containment conditions as defined by GMAG.
LPJlabelled plasmid DNAs were prepared according to the method of Maniatis et al. [14] .
Restriction enzyme mapping. Cross contact hybridisation. An EcoRI/Hindlll digest of pBG35 was separated on a 15cm wide 1% agarose gel and transferred to nitrocellulose. Glyoxalated, salt washed [ J P]-RNA was separated on a similar 1.6% agarose gel. RNA was transferred through the filter in 6O% formamide, 4xSSC at 25°.
rRNA.
Comparisons between LI and SI.
To test for any differences between the genotrophs LI and SI, 32
[P]-labelled PBG35 was hybridised to restriction enzyme fragments of total DNA from LI and SI. Hybridisation to EcoRI, Hindlll, BamHI and Haelll digests shows no qualitative differences [ Fig. 5 ] . The rDNA fragments produced in these digests of total DNA are the same as those found using purified rDNA. Prolonged exposure of these autoradiographs revealed no minor bands of hybridisation.
When isolated rDNA was examined in the analytical ultracentrifuge, _3 it had a buoyant density of 1.7O9g. Flax rDNA shows no length heterogeneity of the repeat unit. In this respect the rDNA is similar to that reported for soybean [20, 21] .
In contrast to this the rDNAs of both wheat and barley have been shown to contain different size classes [22] . This variation is attributable to the large spacer region. The map of the rRNA transcripts is essentially similar to those reported for wheat and'barley C22] and soybean [20, 21] .
Not all the predicted sites for BamHI, Bglll, Hpal and Xhol in native rDNA are susceptible to digestion under conditions of enzyme excess. This may result either from a number of sites being absent, or from methylation of the recognition site preventing digestion. In five cloned rDNA repeats, where DNA methylation does not occur, these enzyme sites are all present. Methylation is known to occur in barley rDNA [22] , and this could be the basis of these incomplete digests of native flax rDNA.
The rDNA is the only specific DNA sequence known to change in amount between the two flax genotrophs LI and SI, but no feature of the organisation of the ribosomal genes has been revealed in the present study that favours any particular mechanism for altering their number.
